Abstract
Introduction

47
Enterococci are commensals of the gastrointestinal tract of humans and animals, but some 48 enterococcal species, particularly E. faecium and E. faecalis, are also common causes of 49 hospital-acquired infections in immunocompromised patients (1). While E. faecalis has been 50 recognized as an important nosocomial pathogen for over a century, E. faecium has emerged 51 as a prominent cause of hospital-acquired infections over the last two decades (2). Since the In this study, we set-up Tn- short read alignments to the assembly, which were generated using BWA (version 0.7.9a).
116
SAMtools was also used to identify possible base-calling and assembly errors, by aligning 117 short reads to assembled contigs. A base was corrected using the consensus of aligned reads 118 (30). The corrected sequences were annotated using Prokka (version 1.10) (31 Tn-seq analysis of conditionally essential genes in E. faecium E745
163
The transposon mutant library created in E745 was prepared for Tn-seq analysis, similar to replicates were mapped to the genome, and the mapped read-counts were then tallied for the 176 analysis of the essentiality of the genes in the E. faecium E745 genome (further described 177 below).
178
To identify genes that are required for growth in human serum, 20 μl aliquots of the frozen 179 mutant library in E745 were inoculated in BHI broth and grown overnight as described above. 
Growth of E. faecium E745 and individual mutants in human serum
232
Wild-type E745 and the mutant strains were grown overnight at 37°C in BHI broth. 
Data availability
253
Sequence reads generated in this study have been made available at the European Nucleotide
254
Archive under accession number PRJEB19025.
255
Results
257
The complete genome sequence of E. faecium E745.
258
In this study, we implemented RNA-seq and Tn-seq analyses in E. faecium strain E745, an table 1) .
266
Together, the chromosome and plasmids have 3,095 predicted coding sequences.
268
Transcriptome of E. faecium E745 during growth in rich medium and in human serum 269 The transcriptional profile of E745 was determined using RNA-seq during growth in rich 270 medium (BHI) and in heat-inactivated human serum. A total of 99.9 million (15.6 -17.6 271 million per sample) 100 bp paired-end reads were successfully aligned to the genome,
272
allowing the quantification of rare transcripts (Fig. 1) role in purine biosynthesis (Fig. 1B) . In addition, we found a 58.4 kbp prophage-like gene
284
cluster that exhibited higher expression in E745 during growth in serum (Fig. 1C) .
285
To confirm the RNA-seq analysis, we independently determined expression levels of eight 286 genes during growth in serum versus growth in BHI by qPCR ( Supplementary Fig. 1 ). RNA-287 seq and qPCR data were highly concordant (r 2 = 0.98).
289
Construction and analysis of a transposon mutant library in E. faecium E745.
290
A mariner-based transposon mutant library was generated in E. faecium E745 and Tn-seq Table 4 ). An example of a gene identified as essential 300 is shown in Supplementary Fig. 2B . Among the genes that were essential for growth of E. be a more reproducible in vitro environment, particularly since the interaction between the 320 complement system and Gram-positive bacteria remains to be fully elucidated (41, 42).
321
We identified 37 genes that significantly contributed to growth of E745 in human serum ( (guaB, purA, pyrF, pyrK_2, purD, purH, purL, purQ, purC) (Fig. 2) . Notably, the purD, 330 purH, and purL genes were found to exhibit higher expression upon growth in human serum 331 in the RNA-seq analysis (Fig. 1) . Nine genes were identified as negatively contributing to 332 growth in serum, i.e. the transposon mutants in these genes were significantly enriched upon 333 growth in serum. The effects of these mutations were relatively limited, compared to the 334 major effects observed in the transposon mutants discussed above (Supplementary We developed a PCR-based method ( Supplementary Fig. 3 ) to selectively isolate five 341 transposon mutants (in the purine metabolism genes purD and purH, the pyrimidine 342 metabolism genes pyrF and pyrK_2 and the PTS gene manY_2) from the transposon library.
343
Growth in rich medium of these transposon insertion mutants was equal to the parental strain.
344
However, all mutants were significantly impaired in their growth in human serum (Fig. 3A) ,
345
confirming the results of the Tn-seq experiments.
346 347 E. faecium pyrK_2 and manY_2 contribute to intravenous infection of zebrafish 348 Next, we investigated whether the transposon insertion mutants in the manY_2 and pyrK_2 349 genes were attenuated in vivo (Fig. 3B) 
